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[ Abstract]  Objective To analyze the modeling and evaluation method for vascular restenosis animal models
in the last 10 years, to provide a reference for improving animal models of vascular restenosis. Methods Literature
related to vascular restenosis was retrieved from mainstream Chinese and English databases from 2013 to 2023. Data
on experimental animal strains, modeling method, modeling cycles, and detection method were extracted from the
included literature, and a database was established using Excel for summary analysis. Results Among the 122
identified articles, the main experimental animals were rats, rabbits, and pigs, and most animals were male. The
most common modeling method was balloon injury, and the modeling cycle was mainly within 4~8 weeks. The main

detection indexes were histopathology, accounting for 37. 18%, including routine hematoxylin-eosin, Masson, and
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Elastica van Gieson ( EVG) staining. Conclusions

The translatability of porcine vascular restenosis models is

currently more in line with expectations, but their cost is high and they are unpopular, and rats and rabbits thus

remain the main animal models. Balloon injury is the main mode of modeling. Different animal models and modeling

method for vascular restenosis have advantages and disadvantages, and the model should be selected according to the

experimental purpose. Animal models of vascular restenosis still have some limitations, however, and better animal

models are required in the future.
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Table 1 VR model animal strain and sex distribution

RSN PR P51 di /%
Molding method Animal strain Sex Percentage
I Male 28. 46
SDh KR RSS2 Half male and half female 0. 81
SD rats HEIEARBR Either gender 0. 81
A A1 Unknown 1.62
KR Wistar R, Tt Male 8. 13
Rats Wistar rats A1 Unknown 1.62
ApoE ™" K
po 7/7j(fﬂ R Unknown 0. 81
ApoE™" rats
NRF27~ NF-kB™~ 545 R K K ‘
,/,\ “ ,/,jtlﬁ_j(ﬁi it Male 0. 81
NRF27", NF-kB”™ mutant rats
It Male 9.76
e ar B Female 0. 81
R'ﬁfb'l N iﬁ?:dj(}liﬁl bbit RSS2 Half male and half female 0. 81
a ew featand wiile rabht HEIEARBR Either gender 0.81
A% Unknown 2.43
HARHE A% 1t Male 2.43
Japanese white rabbits HEREASFR Either gender 0. 81
R » e Male 1.62
L HEHEARBR Either gender 0. 81
Minipig -
25 H Unknown 2.43
1% NS » It Male 1.62
Pi Miniat . BEMEASFR Either gender 2.43
'€ it pig %5 4 Unknown 0. 81
i Male 2.43
e rf g . I Female 1.62
L d , od o Wik 4521 Half male and half female 1.62
arge and medium-sized pig HEHER IR Bither gender 5 43
%5 4 Unknown 3.25
E?
L . i Male 3.25
Castrated pig
ol . 4t Male 1.62
Unknown pig
It Male 4.88
C57BL/6] /MR .
i Eith d 0. 81
C57BL/6J mice HEHE AR Either gonder
25 H Unknown 1.62
/NES ApoE™ /N ‘
| B per hH I Male 0.81
Mice ApoE™" mice
Tnfsf127~ /N ‘
12 N  Male 0.81
Tnfsf12”" mice
R TN It Male 0. 81
Beagle dog i Female 0. 81
5 sp £ )
R EN Tt Male 0.81
Dog SD dog
AR i Male 0. 81

Domestic dog
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Ny N e oy N - IL,E"\A X
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5221 45 BUHIE 11 R, VR BUSSERRHISEh i) .
@Fﬁ IJj HSD—IL%% 5, Coronary artery 2 3.7
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Table 3 Summary of molding methods
TR Tk TEAS A 1/ ) i /%
Animal strain Method Molding cycle/week  Percentage
BRFEH5 Balloon injury 1~8 31.81
SD K . .fiﬁﬁ%bﬁﬁ+%HET§?§+@WI§§?%E@ . . 4 L 81
) Balloon injury + high fat feeding + balloon dilatation injury again
SD rats
Sz fith (Mg SRR S LT EZER]) 94 27
Guidewire strain ( steel wire, surgical suture method similar) ’
ERZEH5475 Balloon injury 2~6 9.09
Wistar KR RF 4 VitD3 15 + 5 M fal s+ BR 22 4 o4 0. 90
Wistar rats High dose VitD3 by gastric perfusion+ high fat diet + balloon injury ’
A A Stent implantation 4 0.90
ApoE27 KR A+ R 4 0.90
ApoFE27" rats Stent implantation + high fat feeding ’
NRF2”" \NF-«B™~ Z€2E B K, Bt 2 e 4 0.90
NRF2™", NF-kB™" mutant rats Acupuncture needle injury ’
C57BL/6] /J\&1\ApOE’/’/J\EEL:L\TnfoIZ#VJ\Eﬁ S22 3545 2.5 10. 00
C57BL/6] mice, ApoE™" mice, Tnfsf127~ mice Guidewire damage ’
ek
(LN v i El"l’.”%. 4 0.90
Beagle dog essel higation
ERFE45 Balloon injury 8 0.90
SD R TR Bk B K 4 0.90

SD dog Coronary artery restenosis model with over-dilatation
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EHEN Tk TEAL SR/ JH i L/ %
Animal strain Method Molding cycle/week Percentage
Domitjiz dog SZHEREA Stent implantation 8 0.90
BR#E451 453 Balloon injury 1~8 6.36
BREEATA+ e M 1) I+ TR 0 812 273
ity N = 41 Balloon injury + high fat feeding + balloon dilatation
New Zealand white rabbit ERBEFG+ Bk BR Y K ig L3l
Balloon injury + balloon dilation
YUHEA Stent implantation 4 5.45
BREERS Balloon injury 4 1.81
HARKH- A4 FRIEAGAT+ R IR IR TR+ S A e

Japanese white rabbits

PNGE

Large and medium-sized pig

INELRE
Miniature pig

[peik
Minipig

e

Castrated pig

Balloon injury + high fat feeding + stent implantation
ZHAEA Stent implantation 8 0.90
p
A PR B S A

. S 8 0.90
Intima thermal air injury
SCHAEA AR BR LY 5K
. . . o 4 0.90
Stent implantation + balloon dilatation
AL Stent implantation 4 10.91
AR K B 5K | 0.90
Coronary artery restenosis model with over-dilatation ’
SZHEFE A Stent implantation 4~24 4.55
Y AUAE A Stent implantation 4~24 4.55
m 2
o ORHUAENR 24 0.90
Stent implantation + high fat feeding
FHE A Stent implantation 4 3. 63

x4 KMFEARIL S (S5 )
Table 4 Distribution of test indicators (frequency>5 times)

GRUIE =R 7 A J5 ¥ itk % A N
Indicators Detection method Percentage Specific test content

it A B L L 9000 554 T 2 o L5000 4 B, W B
Hematoxylin-eosin EFRLHE : (1) B A (lumen area, LA) 5 (2) BT AR (intimal area,
(HE) staining TIA) . NS BRATSE AR A LA (1225 (3) TR I Y ( media area, MA) . HJ
HhR ) B SE T AR AN N 5 ) L SR TR AR 22 5 (4) WAL TA 5 MA RYFI;
(5) PY 5 A= F5 55 (intima hyperplasia index, THI) , Bl TA/WA ; (6) B %5

Masson Al (2, R IA/ ) AR 10 A X 100% s B3 PE S  RIEFR Y45
LR Masson gross slaining Area of neointimal hyperplasia: neointima was defined as the tissue between
Histopathological 37.18 the inner elastic membrane and the intima surface. Measurement indexes
examination included: (1) lumen area (LA); (2) intimal area ( TA): Difference

EVG Jfn
EVG staining

between the area enclosed by the internal elastic membrane and LA; (3)
media area (MA) : difference between the area surrounded by the external
elastic membrane and the area surrounded by the internal elastic
membrane; (4) WA: sum of IA and MA; (5) intima hyperplasia index
(THI), TA/WA; (6) stenosis rate; [A/area surrounded by the internal

elastic membrane X100% ; injury score, inflammation score, etc.
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gR4
iRl ioalllpiRrS i /% Rl EaS
Indicators Detection method Percentage Specific test content
- ' . ML VR i 2 P O v 2 2 i 2 JOEL 1 e A A1 %% 2 B 2 11 I
AR AL R (ELISA) e -
. . . . [P T O S = T el ok B 45
Biochemical =~ Enzyme-linked immunosorbent 6.49
. Serum LDL cholesterol, HDL cholesterol, VLDL cholesterol, total
indexes assay ( ELISA) ) ) )
cholesterol and triglyceride concentrations.
1 REN
SRR 7.58
Western blot
RAMEU Y (PCR)
. PCNA ,a-SMA ICAM-1 IL-18 F1 1L-18 \NLRP3  Caspase-1.Ki-67 ,CD47
Polymerase chain 5.05 s
S 1551k reaction (PCR) SM\I;/[HC LOPN_ MMP-2 VEGF,SDF-1,EGF bFGF Fl MMP-9 4 A ¥ 1
Gene protein  FIESLRE AT ELISA sy ek
. s AL, Expression of PCNA ,a-SMA ,ICAM-1,1L-1B and IL-18,NLRP3, Caspase-
expression 14. 44 . s R o L
- . . 1,Ki-67, CD47, SMMHC, OPN, MMP-2, VEGF, SDF-1, EGF, bFGF and
Immunohistochemical
ﬁﬁf#ﬁiﬁ MMP-9, etc.
” 5.05
Immunofluorescence
DEFERR : (1) B/ ME I AR (mm) <05 5220 N B e A8 Al L AE A AR
(2) Az AR IE FE (mm ) < 00 f SR 4 I 22 336 L A8 PN B 11 e 71 B
BB ME 5 (3) B A IR AR (mm® ) : IS HE R SRI F DL IR R
PRI S, e JH T g 5 v R B0 S B 2 TR (4) BT TR
(mm?®) - A5 09 SEBRTATRR , (0 5 1 AE N B 5 (5) SZARTET AR (mm? ) < LA
BRI LS ATRIAR 5 (6) BRASARBE/ % =i A= IR THT B/ 32
HERIX100%
K= ray i R NV A Measurement indicators; (1) minimum lumen diameter ( mm): measure
FAR(OCT) e the diameter of the stenotic vessel in the stent; (2) neointima thickness
Optical coherence ’ (mm) : measure the vertical distance from each metal wire of the stent to
tomography (OCT) the intima, and take the average value; (3) neointima area (mm”) ; take
the stent as the outer boundary and the intima as the inner boundary,
measure the total area between them, i. e. the area of intima hyperplasia of
the stent; (4) lumen area (mm’): actual area of the vessel lumen, and
AR R the boundary is the intima; (5) stent area (mm®) ; determine the included
Imageological area with stent as boundary; (6) stenosis degree/% = neointima area/
examination stent area X100%.
A P 25 (D A% i ML G TR P | T 004 B s D i M s @ T
Ak W AU IR AR TR R @S AR B B AR AR AL @ ST N TR
FeF O LB G R (DSA) R HAR<50% R R
Digital substaction 8.30 Examination contents; (Dstent delivery performance: compliance, visibility
angiograhy ( DSA) and positioning accuracy; @whether there is acute, subacute or delayed
thrombosis ; Qdiameter change of stent segment; @restenosis rate in stent ;
lumen diameter <50% 1is restenosis.
R A - JEZR M EAR (mm) (EAJS BD20)5/ MEE B AR (mm) 2
WS 1A BAR (mm) , 2 AR/ MEE AR (mm) .
R/ mm=E A E I 20 4% /N8 B B AR/ mm -5 £ i N E B
T #/mm
TR (QCA) o . , )
. Examination contents; baseline vessel diameter ( mm ), minimum lumen
Quantitative coronary 3.25

angiography (QCA )

diameter immediately after implantation (mm) , reference vessel diameter
at reexamination ( mm ), minimum lumen diameter at reexamination
(mm).

Lumen loss/mm = minimum lumen diameter immediately after placement/

mm-minimum lumen diameter at review/mm




P PL R 2R ARk 2025 4F 2 A5 35 5 2] Chin J Comp Med, February 2025, Vol. 35,No. 2 39

®5 KRN ST

Table 5 Model application statistics

tispesidl K/ n it /%
Sudy type Frequency Percentage
PLIBE S
Mechanism study 37 30.33
A ALTT Y
REBIE 37 30.33
Pharmacodynamic study
BT 21 17.21
Device study
R 5T
Model study 1 9. 02
N e
Ry 5 4.0
Diagnosis study
LI ST
Pathological study 2 164
H
it 9 7.38
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Table 6 Summary of modeling methods
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X HUB A A N
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